Investigation of the structural requirements for peptide precursor processing in AtT-20 cells using site-directed mutagenesis of proadrenocorticotropin/endorphin.
Mouse pro-ACTH/endorphin (or POMC) contains in its sequence each of the four possible pairs of basic amino acids recognized as potential cleavage sites in the production of bioactive peptides from higher mol wt precursors: KR (lysine-arginine), RR, RK, and KK. To examine the structural requirements for processing and routing in one region of pro-ACTH/endorphin, a reporter mutation was introduced into the mouse pro-ACTH/endorphin cDNA; a methionine residue was mutated to an isoleucine residue to allow biosynthetic double labeling with [3H]Ile and [35S]Met. Analysis of stable cell lines expressing the reporter cDNA indicated that this mutation did not affect processing or secretion. Therefore, additional mutations were introduced on the reporter background to investigate important structural features of the precursor. First, the tripeptide signal for N-linked glycosylation in the N-terminal glycopeptide (Asn65,Ser66,Ser67) was disrupted by the conservative substitution of asparagine65 with a glutamine residue. Secondly, O-glycosylation was prevented by substitution of threonine45 with an alanine residue. Finally, lysine50 was mutated to an arginine residue, transforming the RK doublet preceding the gamma 3MSH sequence into an RR doublet. The results show that the enzymatic machinery of AtT-20 cells fails to cleave efficiently at the Arg-Lys (RK) site even after elimination of any possible structural hindrance by carbohydrate side-chains. Elimination of O-linked oligosaccharides to the N-terminal side of gamma 3MSH did not allow cleavage at the RK site, and elimination of N-linked oligosaccharides did not alter the processing and routing of pro-ACTH/endorphin in AtT-20 cells. However, mutation of the RK sequence to RR allowed extensive cleavage regardless of the occurrence of O- or N-glycosylation.